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Abstract

Summary We have examined the effect of oral monthly
ibandronate on distal radius and tibia microarchitecture with
high-resolution peripheral quantitative tomography com-
pared with placebo, in women with osteopenia, and found
that ibandronate did not significantly affect trabecular bone
but improved cortical density and thickness at the tibia.
Methods We have examined the effect of ibandronate on
bone microarchitecture with peripheral high-resolution
quantitative computed tomography (HR-pQCT) in a ran-
domized placebo-controlled trial among 148 women with
osteopenia. Patients received either oral 150 mg monthly
ibandronate or placebo over 24 months. Bone microarchi-
tecture was assessed at baseline, 6, 12, and 24 months, using
HR-pQCT at the distal radius and tibia; areal bone mineral
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density (aBMD) was measured with DXA at the spine, hip,
and radius.

Results At 12 months, there was no significant difference in
trabecular bone volume at the radius (the primary end point)
between women on ibandronate (10.8+2.5%) and placebo
(10.5+2.9%), p=0.25. There was no significant difference
in other radius trabecular and cortical microarchitecture
parameters at 12 and 24 months. In contrast, at the tibia,
cortical vBMD in the ibandronate group was significantly
greater than in the placebo group at 6, 12, and 24 months,
with better cortical thickness at 6, 12, and 24 months. With
ibandronate, aBMD was significantly increased at the hip
and spine at 12 and 24 months but at the radius was signif-
icantly superior to placebo only at 24 months. Most of the
adverse events related to ibandronate were expected with
bisphosphonate use, and none of them were serious.
Conclusion We conclude that 12 months of treatment with
ibandronate in women with osteopenia did not affect trabec-
ular bone microarchitecture, but improved cortical vBMD at
the tibia at 12 and 24 months, and preserved cortical thick-
ness at the tibia.

Keywords HR-pQCT - Ibandronate - Microarchitecture -
Osteopenia

Introduction

Areal bone mineral density (aBMD) measured by dual en-
ergy X-ray absorptiometry (DXA) predicts at most half of
fragility fractures among postmenopausal women when us-
ing a T-score <—2.5 SDs as a threshold [1, 2]. Therefore,
bone microarchitecture has been proposed as a better way to
explore bone fragility. A noninvasive examination of bone
microarchitecture—high-resolution peripheral quantitative

@ Springer



312

Osteoporos Int (2013) 24:311-320

tomography (HR-pQCT)—has been developed in recent
years, with good reproducibility and low irradiation expo-
sure [3]. Using HR-pQCT, a few case—control studies have
shown an association between bone microarchitecture and
prevalent fracture that could be independent of aBMD
[4-7]. Prospective studies to demonstrate the association
between bone microarchitecture and fragility fracture are
ongoing.

In addition, BMD measurement does not adequately de-
scribe the impact of therapeutic interventions [8]. Variations
in BMD explain a limited proportion of fracture risk reduc-
tion in response to treatments, and fracture risk can be
reduced even without significant BMD variation [9].
Therefore, much interest is currently directed at the investi-
gation of other factors associated with bone strength and
therapeutic response, including bone geometry, cortical and
trabecular microarchitecture, and tissue composition. For
instance, measures of trabecular bone structure improve
the prediction of bone mechanical properties [10, 11].
Microarchitecture may also better assess the effects of drugs
than BMD variation alone [12, 13].

To date, three clinical trials using HR-pQCT providing
longitudinal in vivo assessment of bone microarchitecture in
response to therapeutic intervention have been reported. In a
randomized placebo-controlled trial, alendronate use was
associated with increased cortical and trabecular volumetric
density [volumetric BMD (vBMD)] and cortical thickness at
the tibia [14]. In another trial, denosumab compared to both
placebo and alendronate prevented the decline or improved
architecture variables both at the radius and tibia [15]. In a
placebo-controlled trial, risedronate has been able to main-
tain cortical vBMD, which was declining in the placebo
group [16].

Because the different bisphosphonates have different
pharmacodynamic potencies, with possible effects on micro-
architecture that would be proportional to their potency, we
have conducted a randomized placebo-controlled trial to test
the effect of another bisphosphonate, ibandronate, on bone
microarchitecture at the distal radius and tibia, as assessed
with HR-pQCT, in postmenopausal women with osteopenia
over 2 years of treatment.

Methods
Patients

This randomized placebo-controlled, double-blind, 2-year
trial has been conducted in four clinical centers in France
(Lyon, Paris, Saint-Etienne, and Toulouse) between January
2007 and March 2010. Ambulatory postmenopausal women
who had a —2.5<T-score<—1.0 at either the spine or hip and
without spine or hip T-score less than —2.5 could be
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enrolled. These women were chosen in this BMD range to
be at mild risk for fracture, given the necessity of having a
placebo group. Inclusion criteria also included age between
55 and 75, at least 1 year postmenopause, and no history of
bisphosphonate therapy. Exclusion criteria were the medical
conditions precluding informed consent or trial compliance;
grade 2 and 3 vertebral fractures; hip fracture, gastroduode-
nal and esophageal diseases; malignancies in the last 5 years;
creatinine clearance <30 mL/min; uncorrected hypocalce-
mia, intolerance to ibandronate, calcium, or vitamin D;
inability to stand for 1 h following drug swallowing; any
treatment interfering with bone metabolism; and all condi-
tions known to affect bone metabolism.

The Lyon ethics committee approved the study protocol
on 7 May 2006. The study was conducted according to the
International Conference on Harmonization Good Clinical
Practice Guidelines. All subjects provided written informed
consent prior to enrollment. Women whose BMD at two out
of three regions of interest (spine, femoral neck, total hip)
would decrease of more than 6% during the first year of the
study, or who would sustain a fragility fracture, could stop
the study drug to be offered an appropriate medication by
the study investigators, without unblinding.

Subjects were randomized 1:1 to oral monthly ibandro-
nate (Bonviva 150 mg; n=72; Roche, Basel, Switzerland) or
placebo (n=76). Subjects at each study site were random-
ized to treatment using a central interactive voice response
system. Randomization proceeded according to a minimiza-
tion scheme with center and bone volume (BV)/trabecular
volume (TV) at screening as minimization factors. Subjects
and study sites were blinded to the treatment. The placebo
and ibandronate tablets were identical. Patients had to write
the dates of drug intake on the pill box and give it back to
the investigators at each study visit. If the treatment had not
been taken properly, this was specified in the clinical report
form to calculate the adherence rate. In addition to ibandr-
onate or placebo, all patients also received 500 mg of
elemental calcium and 400 IU of vitamin D5 daily.

BMD and microarchitecture measurements

Areal BMD was measured at the spine, radius, and hip with
Hologic machines (Discovery A in Lyon, Delphi W in St
Etienne, QDR 1000 in Paris) and a Lunar DPX in Toulouse
that were cross-calibrated between sites, before starting the
study, with the European Spine Phantom. A local phantom
was measured daily, and these quality control data were
analyzed centrally (Dr Kolta, Paris, France).

vBMD and microarchitecture were assessed at the non-
dominant distal radius and right distal tibia by HR-pQCT
(XtremeCT; Scanco Medical, Bruttisellen, Switzerland).
The four machines used in different clinical centers were
not cross-calibrated. Measurements were made at the
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baseline, 6, 12, and 24 months of follow-up. The arm or leg
of the patient was immobilized in a carbon fiber shell. An
anteroposterior scout view was used to define the measured
volume of interest (VOI). At each site, a stack of 110
parallel CT slices with an isotropic voxel size of 82 um
was obtained, thus delivering a 3D representation of approx-
imately 9 mm in the axial direction. The most distal CT slice
was placed 9.5 and 22.5 mm proximal to the endplate of the
radius and tibia, respectively. Quality control was performed
by daily scans of a phantom containing rods of hydroxyap-
atite (densities of 0, 100, 200, 400, and 800 mg/cm3) embed-
ded in a soft tissue equivalent resin (QRM, Mochrendorf,
Germany). The coefficient of variation (CV) for the densities
varied from 0.7% to 1.5%. The VOI was separated into a
cortical and trabecular region using a threshold-based algo-
rithm. This threshold was set to one third of the cortical
vBMD (Ct vBMD). Cortical thickness (Ct.Th) was defined
as the mean cortical volume divided by the outer bone surface.
Trabecular vBMD (Tb vBMD) in milligrams of hydroxyapa-
tite (HA) per cubic centimeter was computed as the average
vBMD within the trabecular VOI. BV fraction (BV/TV, in
percent) was derived from Tb vBMD assuming fully miner-
alized bone to have a mineral density of 1.2 g HA/cm®, that is
BV/TV (%)*100=[Tb vBMD (mg HA/cm?)/1.2 g HA/em®].
Trabecular elements were identified by the midaxis transfor-
mation method, and the distance between them was assessed
three dimensionally by the distance transform method.
Trabecular number (Tb.N, per millimeter) was defined as the
inverse of the mean spacing of the midaxes. Trabecular thick-
ness (Tb.Th, in millimeters) and separation (Tb.Sp, in milli-
meters) were derived from BV/TV and Tb.N, that is Tb.Th=
(BV/TV)/Tb.N and Tb.Sp=(1-BV/TV)/Tb.N. Intra-
individual distribution of separation (Tb.Sp SD, in milli-
meters) was quantified by standard deviation of Tb.Sp, a
parameter reflecting the heterogeneity of the trabecular
network.

The CV values for parameters of the radius and tibia,
respectively, were as follows: total vVBMD—0.9% and 1.3%,
Ct vBMD—0.7% and 0.9%, Ct.Th—1.2% and 0.9%, Tb
vBMD—1.0% and 1.5%, Tb.N—3.0% and 3.8%, Tb.Th—
3.2% and 4.4%, Tb.Sp—2.8% and 4.3%, and Tb.Sp SD—
2.5% and 3.3%. These were determined from three measure-
ments with repositioning among 15 individuals aged 21—
47 years [3].

End points

The primary efficacy end point was the BV/TV value at
12 months measured by HR-pQCT at the distal radius.
Secondary efficacy end points included cortical thickness;
total, cortical, and trabecular vBMD; trabecular number,
thickness, and separation measured by HR-pQCT at the
distal radius and tibia; areal BMD at the spine, hip, and

radius measured by DXA; and the bone turnover markers
serum C telopeptide of type I collagen cross-links (CTX)
and procollagen type 1 N-terminal propeptide (PINP).
Safety was evaluated by adverse event (AE) reporting and
monitoring changes in laboratory values and vital signs.

Biochemical measurements

Fasting serum was collected in the morning and stored at —80°C
until assayed. Serum N-terminal extension propeptide of type I
collagen (PINP) and (3-isomerized C-terminal telopeptide of
type I collagen (CTX) were measured by human-specific two-
site immunochemiluminescence assay (ELECSYS; Roche,
Indianapolis, IN, USA).

For PINP, the detection limit is 5 ng/mL. The interassay
CV is 4.7% for 41 ng/mL, 4.5% for 74.7 ng/mL, 5.1% for
381.5 ng/mL, and 5.9% for 766.7 ng/mL. For CTX, the
detection limit is 0.01 ng/mL. The interassay CV is 3.7%
for 0.3 ng/mL, 2.3% for 0.36 ng/mL, 3.8% for 0.69 ng/mL,
and 5% for 2.8 ng/mL. The measurements were made at the
baseline and 3, 6, 12, 18, and 24 months of follow-up.

Statistics

The sample size calculation was based on the assumption of
detecting a difference of 15% in the mean BV/TV (after
12 months of treatment) between the ibandronate and the
placebo group (mean BV/TV value for osteopenic women,
0.103) with a common standard deviation of 0.03. On the
basis of these assumptions with a two-sided 5% significance
level, a sample size of 118 patients randomized (59 per
treatment group) provided the study with 90% power to
detect a difference between the treatments. The analyses
were performed on the intent-to-treat (ITT) population de-
fined as randomized patients who took at least one pill of
study treatment. In case of premature withdrawal or missing
value on the primary criterion, the following rules were
applied:

» Last observation carried forward method was used if the
BV/TV value at 6 months was available and

* The treatment arm mean value of BV/TV (in which the
patient was randomized) replaced if the BV/TV value at
6 months was not available.

Quantitative data were expressed as mean and standard
deviation (mean=SD) or median and range and qualitative
data as number and percentage (percentage have been cal-
culated excluding missing values). The comparisons be-
tween the two treatment groups at each time point in the
bone volumetric and geometric parameters, areal BMD, and
bone turnover markers were performed using an analysis of
covariance model (ANCOVA), adjusting for baseline val-
ues. The correlations between the variation of bone
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volumetric and geometric parameters and the variation of
bone turnover markers were performed using the Pearson
correlation coefficients.

Results

Among the 151 patients screened, 149 patients were ran-
domized (72 in ibandronate group and 77 in placebo group).
One patient was randomized but did not receive treatment.
Thus, the ITT population consists of 148 patients (72 in the
ibandronate group and 76 in the placebo group). Patient
disposition is displayed in Fig. 1.

The baseline variables did not differ between those women
on ibandronate and those on placebo (Table 1). Adherence to
treatment was 99% in both groups.

At 12 months, there was no significant difference in BV/
TV at the radius (primary end point) between women on
ibandronate (10.8+2.5%) and placebo (10.5+£2.9%), p=0.25.
Similarly, there was no significant difference in other radius
trabecular and cortical microarchitecture parameters at 6, 12,
and 24 months (Table 2).

In contrast, at the tibia, total and cortical vBMD in the
ibandronate group were significantly greater than in the
placebo group as soon as 6 months and also at 12 and
24 months in parallel with better Ct.Th at 6, 12, and
24 months (Table 3). At the radius (Table 2), trabecular area

(Tb.Ar) and cortical area (Ct.Ar) did not significantly differ
between the ibandronate and placebo groups. At the tibia
(Table 3), at the different time points, we observed a signif-
icant difference between the two groups, the trabecular area
tending to be greater in the placebo group. In parallel, the
cortical areas in the ibandronate and placebo groups also
significantly differed from 6 to 24 months, tending to be
greater in the ibandronate group. At the tibia, the total area
(Tt.Ar) did not differ between groups, whereas there was a
slight difference at 24 months at the radius. Other tibial
microarchitecture trabecular parameters remained unaltered
at 6, 12, and 24 months in treated women compared with
placebo (Table 3).

In the ibandronate group, areal BMD was significantly
increased at the hip and spine at 12 and 24 months, and
significantly superior to placebo only at 24 months at the
radius (Fig. 2). After 1 year of treatment, there was a
statistically significant difference between patients receiving
ibandronate and patients receiving the placebo in BMD
measured at the lumbar spine, femoral neck, and total femur
(»<0.001). Mean lumbar and hip BMD was higher in the
group receiving ibandronate compared to the group on pla-
cebo, with an increase in BMD from screening while change
from screening in the placebo group was close to 0 and even
negative. These results were confirmed after 2 years of
treatment. At the radius site (wrist), there was no difference
in mean BMD between the two groups after 1 year of

Screened (n=151)

| Excluded (n=2)

- Consent withdrawal (n=2)

‘ Randomized (n=149) ‘

l

A4

Ibandronate group (n=72)
~ Received allocated treatment: ITT population (n=72)
* Did not receive allocated treatment (n=0)

Lost to follow-up (n=0)
Discontinued treatment (n=9)

- Consent withdrawal (n=4)

- Adverse event (n=4)

- Concomitant pathology (n=1)
- Other (n=1)

Fig. 1 Patient disposition
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Placebo group (n=77)

- Received allocated treatment : ITT population (n=76)
~ Did not receive allocated treatment (n=1)

- Consent withdrawal (n=1)

l

Lost to follow-up (n=1)
Discontinued treatment (n=12)
- Consent withdrawal (n=3)

- Adverse event (n=6)

- Other (n=2)




Osteoporos Int (2013) 24:311-320

315

Table 1 Baseline characteristics

Ibandronate, n=72 Placebo, n=76

Age (years)®
Years since menopause®
BMI (kg/m?)*

History of fragility fracture, n (%)
History of morphometric vertebral fracture, n (%)

History of radius fracture, n (%)

History of osteoporotic fracture among first degree

relatives, n (%)

Risk factors for osteoporosis, n (%)

0
1
>

History of treatments for osteoporosis or interfering

with bone (%)
T-score®

Lumbar spine

Femoral neck

Total hip

Distal radius

Calcium (mmol/L)*
Vitamin D (nmol/L)*
FRAX (major fractures, %)*

a +
Mean+SD FRAX (hip fracture, %)

"Median (range)

62.7+5.0 62.7+5.3
11.4 (1.6;31.9) 14.9 (2.4-28.2)
24.6+3.1 25.5+4.0
9 (12.5) 5 (6.6)
1(1.4) 1(1.3)

6 (8.3) 2 (2.6)

14 (20.3) 21 (28.8)
56 (77.8) 55(72.4)
10 (13.9) 19 (25.0)
6 (8.3) 2 (2.6)

38 (52.8) 48 (64.0)
-1.4+0.8 -1.4+0.8
-1.5+0.5 -1.5+0.6
-1.0+0.7 -1.0+0.8
-1.0+1.3 -1.0+1.5
2.36+0.08 2.37+0.08
53.9+£23.9 58.8+26.4
5.2+3.0 5.2+2.5
1.1+1.1 1.2+1.6

treatment, but mean BMD was significantly higher in the
group receiving ibandronate compared to the group receiv-
ing the placebo after 2 years of treatment (p=0.009). We
have tested for the interaction between prior estrogen treat-
ment and the variation in BMD in response to therapy. It
was not significant, at the femoral neck, spine, and forearm
(data not shown).

In the ibandronate group, CTX and PINP were signifi-
cantly reduced compared with the placebo group from 3 to
24 months (Fig. 3). The variation of markers was not asso-
ciated significantly with the variation of microarchitecture
parameters at the radius. At the tibia, cortical area was asso-
ciated moderately with the markers variation at 6 (r=—0.32,
p=0.009 for CTX; r=—0.26, p=0.03 for PINP), 12 (r=-0.35,
p=0.003 for CTX; r=—0.3, p=0.01 for PINP), and 24 months
(r=-0.29, p=0.02 for CTX; r=—0.28, p=0.03 for PINP).
This was also the case with cortical thickness at 6 (r=—0.33,
p=0.006 for CTX; r=—0.26, p=0.03 for PINP), 12 (r=-0.34,
p=0.004 for CTX; r=—0.27, p=0.03 for PINP), and
24 months (r=—0.28, p=0.03 for CTX; »=-0.26, p=0.04 for
PINP). Cortical density was also associated with PINP
variation at 12 (r=—0.26, p=0.03) and 24 months (r=—0.34,
p=0.007).

The percentage of patients with at least one AE or one
serious AE was similar in the ibandronate and placebo

groups (90% vs. 93% for total AEs and 21% vs. 17% for
serious AEs). The most frequent AEs were back pain (16%
of the safety population), arthralgia (12%), and bronchitis
(15%). More cases of fractures were reported in the placebo
group compared to the ibandronate group, and falls were
reported only in the placebo group.

For 12 patients [8 in the ibandronate group (11%)
and 4 in the placebo group (5%)], AEs were considered
related to the study treatment. Most AEs considered
related to ibandronate were expected AEs with the use
of bisphosphonates, and were completely resolved except for
one case of severe rheumatoid arthritis that was persist-
ing. Ten patients (7%) had to discontinue the treatment
because of an adverse event: four in the ibandronate
group and six in the placebo group. In the placebo
group, most treatment discontinuations were due to oc-
currence of fractures. A total of 28 patients experienced
at least one adverse event that was considered serious:
15 in the ibandronate group (21%) and 13 in the pla-
cebo group (17%). Only one of them was considered
related to the study treatment: visual acuity reduced in
the placebo group, and for another one: chest pain in
the ibandronate group, the relationship to the treatment
was unknown. The study data did not change the
known benefit/risk ratio of ibandronate.
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Fig. 2 Variation in areal bone mineral density
Discussion

At the radius, we found that ibandronate increased slightly
the cortical and total vBMD at 24 months, but did not
modify the trabecular parameters, including the primary
end point, the BV/TV at 12 months. At the tibia, cortical
vBMD increased progressively in ibandronate, from base-
line to 24 months; meanwhile, cortical thickness was main-
tained on ibandronate, whereas it tended to decline in
placebo patients. In parallel, at the tibia also, trabecular
parameters were not improved by ibandronate.

We have measured microarchitecture only at two periph-
eral sites. So our results cannot be inferred to other sites. We
found that the tibia was more responsive to treatment than
the radius. The cortical bone response was better at this
weight-bearing site, which may be more appropriate for
treatment monitoring. This observation is consistent with
the results of comparable studies [14—16]. It is possible that
the mechanical stimulus at the tibia improves response to
antiresorptive treatment. Alternatively, the response to
bisphosphonates at the radius has always been shown as
poorer than at the other sites when examined with the
measurement of aBMD. This is also true in three other
studies showing that the effect of bisphosphonates at the
radius was minimal or undetectable with HR-pQCT
[14—-16]. An additive effect of exercise and bisphosphonates
on bone—which has already been observed in ovariectomized
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rats [17] and in patients with osteoporosis associated with lung
transplantation [18]—could at least in part explain our results,
supporting the use of the tibia site as a preferred site for
monitoring. It has also been shown that the bone response
detectable with HR-pQCT seems to be proportional to the
antiresorptive potency, at least at the tibia [14-16]. Thus, if
we compare our trial and the three other studies, we can
observe that the cortical vBMD and cortical thickness
maintenance or improvement were greater with denosu-
mab than with alendronate. With alendronate, this effect
seemed greater than with risedronate, but this is an
indirect comparison.

There are technical limitations to the longitudinal evalu-
ation of cortical thickness. The analysis we have conducted
is limited to geometrical and microarchitectural response to
therapy, but does not address the issue of bone material
effects. Indeed, mineral changes induced by antiresorptive
agents are likely to contribute to the antifracture efficacy
[19].

Besides, the common region of interest between baseline
and follow-up scans are determined based on cross-sectional
area matching, assuming a constant area over time. As a
result, the total areas are necessarily the same when mea-
sured longitudinally. In addition, it has been shown on
cadaver radius that shifting the radius region of interest by
+0.5 mm could lead to a 6% error, whereas this error was
only 2% at the tibia [20]. The cross-sectional area is unlikely
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to have been modified by the bisphosphonate treatment, but
the role of a faulty region of interest remains uncertain. The
increase in VBMD due to the decrease in bone resorption
can influence edge detection and artifactually increase the
cortical area. This would result in an artificial increase in
cortical thickness. A 5% change in threshold can produce a
5% difference in cortical area [21]. In fact, the increase in
cortical bone density leading to apparent improvement in
cortical thickness is likely to be due to filling of cortical
porosity—increasing the cortical arca—because any real
thickening is beyond the resolution of HR-pQCT. This
hypothesis is supported by the observed decreased Tb.Ar
and increased Ct.Ar on ibandronate compared with placebo
at the tibia, while the Tt.Ar remained constant over time,
suggesting that the greater Ct.Th is due to refilled endocort-
ical porosity. Increased Ct.Th may improve bone mechani-
cal properties, because Ct.Th measured by this technique
has been shown to correlate with mechanical strength [21].

The participants had mild osteopenia. It is uncertain
whether women with lower BMD—associated with greater
cortical porosity—would have had similar cortical vBMD
increase. Their response to treatment may also depend on
the time elapsed since menopause because cortical porosity
filling by inhibition of bone resorption is probably less
efficient in the early phase of rapid bone loss following
the menopause. Motion artifacts are common, especially
when measuring the radius. The scan quality is not always
adequate. In our intent-to-treat analysis, we have not exclud-
ed any radius scan, despite the variability in scan quality, to
avoid missing values and ensure the validity of the statistical
analysis. We recognize that this may bias our results towards
the null.

We conclude that 12 months of treatment with ibandro-
nate in women with osteopenia was well tolerated and did
not affect trabecular bone microarchitecture, but improved
cortical vBMD at the tibia at 12 and 24 months, as well as
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Ct.Th at the tibia, possibly corresponding to decreased cortical
porosity. This might be relevant regarding protection against
nonvertebral fracture. The tibia may be a better bone site to
evaluate the effects of antiresorptive agents with HR-pQCT.
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